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A chalcocite mineral sample of Shaha, Congo is used in the present study. An EPR study 
on powdered sample confirms the presence of Mn(II), Fe(III) and Cu(II).  Optical absorption 
spectrum indicates that Fe(III) impurity is present in octahedral structure whereas Cu(II) is 
present in rhombically distorted octahedral environment.  Mid infrared results are due to 
water and sulphate fundamentals.  
   
1. Introduction  
 
Chalcocite, Copper(I) sulphide Cu2S is an important copper mineral ore. It has been 
mined for many centuries and was mined in medieval times as a source of copper. It  is one of 
the most profitable copper ores. The reasons for this is its high copper content (67% atomic 
ratio and nearly 80% by weight) and the ease at which copper can be separated from sulfur. 
Many chalcocoite deposits are known through the world.  Although the richest chalcocite 
deposits have probably been mined out, it is still being mined and will almost certainly 
always be mined in the future. The crystal structure is orthorhombic. 
Chalcocite occurs as a secondary mineral in many ore bodies in a zone called the 
supergene enrichment zone. Called a secondary enrichment mineral, although also a primary 
mineral as well, chalcocite commonly forms from the alteration of primary copper minerals 
that are attacked above the water table by oxygen. The oxygenated copper fluids descend to 
the water table where a reaction with primary ores results in the copper being reduced back to 
a sulfide, most commonly chalcocite. Ore bodies will have a layer of chalcocite which 
corresponds to the present or a past water table level and this layer is called a "chalcocite 
blanket". The chalcocite bed is richer in copper than the upper oxidized portion of the ore 
body and usually richer than the primary unaltered ores below.  
 In the branch of Solid State Spectroscopy the study of natural compounds in the 
laboratory plays vital role.   A number of investigators have been carried out in this direction 
using primarily EPR and optical absorption spectroscopy as tools. These techniques act like 
powerful weapons in exploring the properties and structures of compounds.  Geochemically, 
Cu(II), Mn(II) and Fe(III) occur in many major mineral groups.  Estimating the exact 
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percentage of these impurity or constituent ions in the above compounds is useful to grade 
the minerals for industrial applications.  Though these ions could not be in the detectable 
range, they affect the characteristics of these compounds.  Even in such cases also, EPR 
technique is quite useful to assess these impurities.  An attempt at the systematic study and 
presentation of the results on chalcocite has been made in the present investigation. 
 
 Generally minerals are naturally occurring solid compounds having definite 
composition and physical properties.  These are highly complicated inorganic substances, 
which cannot be understood even when its complete chemical analysis is available   As a 
result of the synthesis of large single crystals, minerals have become available for use as 
ornaments, lasers, piezo crystals and probing devices in scintillators, ferromagnetics, 
ferroelastics, acoustic-optical instrumentation, fertilizers, in cosmetics etc., 
 
 Electron paramagnetic resonance (EPR) spectroscopy take place between spin sub 
levels emerging in the external magnetic field following splitting of the ground orbital state 
of the atom.  In optical absorption spectroscopy, transitions proceed between orbital levels.  
Thus EPR spectroscopy is a natural sequel to optical spectroscopy. EPR spectral parameters 
are sensitive even to minor changes in the environment symmetry and allow for the 
determination of the ion state as a function of the structural arrangement of the ligands in a 
complex.  In EPR spectroscopy detailed nature of the ground state comes under consideration 
since only the spin degeneracy of the lower orbital state is more sensitive. Therefore optical 
absorption spectroscopy supports the EPR analysis and also gives information of the higher 
energy states. Thus optical absorption not only supplements but also complements the EPR 
results [1]. Chalcocite group of minerals are chalcocite [Cu2S], stromeyerite [Ag2S2 Cu2S], 
sternbergite [Ag2S2 Fe4S] and acanthite [Ag2S].  Chalcocite belongs to orthorhombic and the 
crystals are pseudo hexagonal.  The unit cell parameters are a:b:c = 0.58:1:0.97. It contains 
Cu = 79.8% [2].  Chalcocite is mono sulphide.  It is n-type semiconductor.  The coordination 
number of copper in the sample is 2 [3]. 
 
2. Experimental  
 
Grayish black to iron black colored chalcocite sample originated from Shaha, Congo 
is used in the present investigations.  EPR spectra of the powdered sample are recorded at 
room temperature (RT) on JEOL JES-TE100 ESR spectrometer operating at X-band 
frequencies (ν = 9.40657 GHz), having a 100 KHz field modulation to obtain a first 
derivative EPR spectrum. DPPH with a g value of 2.0036 is used for g factor calculations.  
Optical absorption spectrum of the compound is recorded at RT on Carey 5E UV Vis-NIR 
spectrophotometer in mull form in the range 200-2000 nm.   
 
3. Results and analysis 
 
3.1 EPR Spectral analysis 
 
 The chalcocite mineral originated from Shaha, Congo is black gray in colour and is 
used in the present work.  The EPR spectrum of the sample recorded at room temperature is 
shown in Fig.1.  The spectrum consists of a broad line with small sextet and a shoulder at low 
field .  The g value for the shoulder is calculated as 2.18 which is due to Cu(II) in the sample. 
The hyperfine line from either 63Cu or 65Cu could not be resolved since the copper content in 
the mineral is very high. The broad line under the sextet is due to Fe(III) impurity with a g 
value close to 2.0 The expanded form of sextet is also show in Fig.1 B.  The six hyperfine 
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lines are having uniform intensity indicating the presence of Mn(II) impurity in the mineral.  
Since Mn(II) belongs to S=5/2 and is having  55Mn a nuclear spin of 5/2, one expects a sextet 
corresponding to the transition  +1/2> ↔ -1/2>.  The other four transitions are not seen due to 
large anisotropy.  This is common in powder EPR spectrum.  The observed g and A values 
are 1.997 and 7.5 mT.  After the third hyperfine line one sharp resonance line is noticed 
having g value of 1.998 can be ascribed to sulphate radical [4]. 
 .  
          The hyperfine splitting (HFS) constant A can be calculated from the position of the 
allowed HF line using the formula [5]. 
Hm =H0- Am-(35-4m2) ⎟⎟⎠
⎞
⎜⎜⎝
⎛
0
2
8H
A . 
Here Hm is the magnetic field corresponding to m ↔ m in HF line 
         H0 is the resonance magnetic field. 
         m is the nuclear spin magnetic quantum number. 
 
The value of A at room temperature is found to be 7.84 mT.  It is agrees with the 
experimental value.  The magnitude of the HFS constant, A, provides a qualitative measure 
of the ionic nature of bonding between the Mn(II) ion and its ligands. Van Wieringen [6] 
empirically determined a positive correlation between A and the ionicity of the manganese-
ligand bond.  It is found that Mn(II) is ionic in nature. Hence the EPR analysis of the sample 
indicates that the paramagnetic impurities present in the mineral are Mn(II), Fe(III), Cu(II) 
and a sulphate radical. 
 
 
3.2 UV-Vis and NIR spectroscopy analysis 
 
 
The optical absorption spectrum is analysed as follows. The Near-IR spectral regions 
are divided into two regions (a) high wave number region >8000 cm-1 where bands appear 
due to electronic transitions and (b) low wave number region 7900-5000 cm-1 bands are of 
vibrational origin. The bands in the Near-IR spectrum are shown in the Fig. 2(b) and the 
optical absorption spectrum of the sample is shown in Fig. 2 (a). For easy analysis of the 
spectrum, the bands are divided into two sets as 8275,10270, 13070,17335 cm-1 as first set, 
and 11855, 15200, 23310 cm-1 as second set.  The spectral features are similar to Cu(II) and 
Fe(III).   
 
  The electronic configuration of Cu(II) is [Ar] 3d9.  In an octahedral crystal field, the 
corresponding ground state electronic configuration is t2g6eg3 which yields 2Eg term.  The 
excited electronic configuration, t2g5eg4 corresponds to 2T2g term.  Thus only one single 
electron transition 2Eg  →  2T2g is expected in an octahedral crystal field.  Normally, the 
ground 2Eg state is split due to Jahn-Teller effect and hence lowering of symmetry is expected 
for Cu(II) ion and this state splits into 2BB1g(dx2-y2) and A2 1g(dz2) states in tetragonal symmetry 
and the excited term T2 2g also splits into B2g2 B (dxy) and 2Eg(dxz,dyz) levels.  In rhombic field, 
2Eg ground state splits into 2A1g(dx2-y2) and 2A2g(dz2) whereas 2T2g splits into 2BB1g(dxy), 
B2g2 B (dxz) and 2BB3g(dyz) states.  Thus, three bands are expected for tetragonal (C4v) symmetry 
and four bands are expected for rhombic (D2h) symmetry [7]. 
 
 
The first set of bands at 8275, 10270,13070,17335 cm-1 in the UV-Vis region are 
assigned to Cu(II) in rhombic symmetry.  The general ordering of the energy levels for 
rhombic symmetry is as follows [7]: 2A1g(dx2-y2) < 2A2g(dz2) < 2BB1g(dxy) < B2g2 B (dxz) < 
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2BB3g(dyz).  Accordingly the optical absorption bands observed for Cu(II) in chalcocite at  
17335, 13070, 10270, 8275 cm are attributed to the transitions from A-1 2 1g(dx2-y2) to A2 2g(dz2), 
B1g2 B (dxy), 2BB2g(dxz), B3g2 B (dyz) respectively.  These observations are in agreement with those 
reported earlier [8-11] and the bands accordingly are ascribed to Cu(II) in octahedral 
coordination with rhombic distortion (D2h) symmetry.  Comparison of energies of the bands 
[12-14] with their assignments for Cu(II) in rhombic octahedral coordination with ground 
state 2A1g ( )22 yxd −  are presented in Table 1. 
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Table 1 
Comparison of energies of the bands with their assignments for 
Cu(II) in rhombic octahedral coordination with ground state 2A1g(dx2-y2) 
 
2A1g(dZ2) 2BB1g(dXY) 2BB2g(dXZ) 2BB3g(dYZ) Sample 
cm-1 nm cm-1 Nm cm-1 Nm cm-1 nm 
Reference
Antlerite 
Cu3SO4(OH)4
 
Turquoise 
CuAl6(PO4)(OH)84H2O 
 
ZPPH 
(ZnKPO4)6H2O 
 
Atacamite 
Cu2(OH)3Cl 
 
 
Phyllanthus amarus 
herb 
 
Chalcocite 
8475 
 
 
 
 
 
7750 
 
 
8049 
 
 
8481 
 
 
8275 
1180 
 
 
 
 
 
1290 
 
 
1242 
 
 
1179 
 
 
1209 
 9435 
 
 
14970
 
 
 9613 
 
 
10296
 
 
12886
 
 
10270
1060
 
 
 668 
 
 
1040
 
 
 971 
 
 
 776 
 
 
974 
10990
 
 
 
 
12117
 
 
11083
 
 
14880
 
 
13070
910 
 
 
 
 
 
825 
 
 
902 
 
 
672 
 
 
765
16390 
 
 
18354 
 
 
13330 
 
 
15380 
 
 
16640 
 
 
17335 
610 
 
 
545 
 
 
750 
 
 
650 
 
 
601 
 
 
577 
[12] 
 
 
[13] 
 
 
[7] 
 
 
[8] 
 
 
[14] 
 
 
Present 
work 
 
 
3.3. Near infrared spectral analysis 
 
The sharp band observed at 11855 cm-1 in second set is assigned to the transition 6A1g 
(S)→ 4T1g(G) of ferric iron in the mineral.  Whereas the broad and intense band at 15200 cm-1 
is attributed to the transition 6A1g (S)→ 4T2g(G).  The third at 23310 cm-1 is assigned to 
4A1g(G), 4E(G) transition.  These are characteristic of Fe(III) ion occupying in octahedral 
symmetry in the mineral. Using the Tree’s polarization term α = 90 cm-1 [15], the energy 
matrices of the d5 configuration are solved for various B,C and Dq  values.  The evaluated 
parameters which gave good fit are B = 600, C= 2450, Dq = 925 cm-1.  A comparison is also 
made between the calculated and observed energies of the bands and these are presented in 
Table-2.  
 
Table 2 
Observed and calculated energies for Fe(III)  
with their assignments in chalcocite 
Dq= 925, B = 600 C = 2450 cm-1∝ =90cm-1
Wave number (cm-1) Wave length 
(nm) 
For Fe(III) Observed
 Calculated 
Transition 
From 
6A1g
843 
 
597 
 
429 
 
11885 
 
15200 
 
23310 
 
11992 
 
15850 
 
23026 
      4T1g(G) 
 
4T2g(G) 
 
4E(G), 4T2g(G) 
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 Vibrational spectrum in the low wave number region 7900-5000 cm-1[Fig. 2(b)] 
contains many significant absorption features. Three strong bands located at 6705, 5840 and 
the sharp band at 5180 cm-1 are due to molecular water. Water in fluid inclusions in the 
chalcocite probably causes these bands [16].  The bands observed at 7325, 6500 cm-1 are 
attributed to the first over tone of the fundamental hydroxyl-stretching mode.  The band 
observed at 5690 cm-1 is assigned to water combination modes of the hydroxyl fundamentals 
of water.  Where as the band observed at 5475 cm-1 is assigned combination and overtone of 
sulphate. 
 
4. Conclusions 
 
1. Chalcocite [Cu2S], is a mono sulphide of copper contains 79.8 % of copper.  
 
2. The EPR studies confirming the presence of Fe(III), Mn(II) ,Cu(II) and a free 
radical sulphate. 
 
3. Optical absorption spectrum is due to Cu(II) which is in rhombic symmetry and 
where as Fe(III) is in octahedral environment. 
 
4. Mid-infrared spectral studies are indicative of combination over tones and 
combination tones of water fundamentals and sulphate ligands. 
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